U R V I V A L F O L L O W I N G I N -
hospital cardiac arrest represents a unique opportunity to examine racial disparities in medical care and outcomes. Inhospital cardiac arrest is an emergency condition tightly linked to processes of care and for which there is little debate regarding clinical appropriateness of treatment in eligible patients. 1 Furthermore, because patients are already in the hospital, potential racial differences in access to care or medical compliance are not likely to confound the association between the care delivered and patients' outcomes.
To date, potential disparities in survival outcomes after in-hospital cardiac arrest have not been systematically described. If differences in survival by race exist and are mediated primarily by lower quality care and survival at hospitals with a higher concentration of cardiac arrest patients who are black, these findings would provide a conceptual framework for targeting interventions to improve resuscitation quality and reduce racial disparities in cardiac outcomes.
We used data from the National Registry of Cardiopulmonary Resuscitation (NRCPR) to examine whether racial differences exist in survival for patients with in-hospital cardiac arrest due to ventricular arrhythmia, and if so, to estimate the relative role of the hospital in explaining these differences. We also explored whether differences in survival by race were associated with differences in successful resuscitation immediately at the time of cardiac arrest or during postresuscitation phases of care.
METHODS

Study Design
The NRCPR is a large prospective registry of patients with in-hospital cardiac arrest, and its study design has been previously described in detail. 2 Briefly, cardiac arrest is defined as the absence of a palpable central pulse, ap-nea, and unresponsiveness. Consecutive patients with cardiac arrests and without do-not-resuscitate (DNR) orders are screened by specially trained quality-improvement personnel at participating hospitals. To ensure adequate capture, cases are identified by multiple methods, including centralized collection of cardiac arrest flow sheets, reviews of hospital paging system logs, and routine checks of code carts, pharmacy tracer drug records, and hospital billing charges for use of resuscitation medications. 1, 2 Data on cardiac arrests are collected using standardized Utstein-style definitions to ensure uniform reporting. [3] [4] [5] [6] [7] Data accuracy in the NRCPR is ensured by rigorous certification of research staff to ensure operational definition compliance prior to data acceptance, a periodic reabstraction process, 2 and use of standardized software to ensure data completeness and accuracy. 2, 8 
NRCPR Study Population
Our analyses included acute care hospitals that provided at least 6 months of data between January 1, 2000, and February 29, 2008. Within these hospitals, we identified 21 516 patients aged 18 years or older with an index inhospital cardiac arrest for which the first identifiable rhythm was ventricular fibrillation or pulseless ventricular tachycardia (FIGURE). Patient race was selfidentified and was abstracted from the medical records by NRCPR staff. We limited our study analyses to comparisons between patients of black and white race because of the small proportion of patients represented by other races (n = 486 [2.3%] who were excluded).
Study Outcomes
There were 3 survival outcomes of interest in this study. The primary outcome was survival to hospital discharge. To better understand which phase of resuscitation care was associated with racial differences in survival to discharge, the secondary outcomes were return of spontaneous circulation (ROSC) for at least 20 minutes during the acute resuscitation and postresuscitation survival among those patients with ROSC. For each of these 3 survival outcomes, the degree to which patient factors, the hospital to which a patient was admitted, and hospital process measures were associated with observed racial differences in survival was examined.
In addition, neurological status was assessed among patients surviving to hospital discharge using cerebral performance category (CPC) scores. 9 For our analyses, CPC scores were dichotomized into those with and without major neurological disability. The CPC data were available in 86% of survivors, with no racial bias in rates of missingness (14% for both blacks and whites; P=.70).
Study Variables
The primary independent variable was patient race. Patient factors collected other than race included demographics (age and sex), initial cardiac rhythm, and comorbidities or medical conditions present prior to cardiac arrest (congestive heart failure, myocardial infarction, or diabetes mellitus; renal, hepatic, or respiratory insufficiency; baseline evidence of motor, cognitive, or functional deficits [central nervous system depression]; acute stroke; pneumonia; hypotension; sepsis; major trauma; and requirement for hemodialysis).
Hospital 
Statistical Analyses
Baseline differences between black and white patients were evaluated using t tests for continuous variables and 2 tests for categorical variables. To examine the extent to which racial differences in rates of survival to discharge were attenuated by patient and hospital factors, we constructed a sequence of multivariable models to cumulatively adjust for study covariates and to quantify the incremental contribution of each class of variables as follows: (1) demographics other than race, (2) clinical characteristics, (3) hospital factors, (4) hospital site, and (5) hospital process variables with a potential effect on the resuscitation process. 
RACIAL DIFFERENCES IN SURVIVAL AFTER CARDIAC ARREST
The initial steps of adjustment (steps 1-3) were performed using generalized estimating equations, which accounts for clustering of outcomes within hospital but estimates population-average effects across all hospitals in the study. Following these steps, we then explicitly adjusted for the hospital site (step 4) and hospital process variables (step 5) using 2-level hierarchical models. In these models, hospital site and the proportion of cardiac arrest patients who were black at each hospital were evaluated as random effects, and their estimates represent within-hospital differences by race, fully adjusting for all observable and unobservable between-hospital differences. 12 Because survival rates exceeded 10%, we used log-binomial or modified Poisson regression models at all steps, which estimate a relative rate (RR) directly. 13, 14 A priori secondary analyses examined whether differences in survival to discharge by race were associated with racial differences in ROSC, postresuscitation survival (as determined by survival to discharge among those with ROSC), or both. To accomplish this, separate sequential multivariable models for each were constructed in a similar fashion to those described above. As an additional exploratory analysis, the total number of attempted defibrillations and the duration of resuscitation were compared between black and white patients who died during the initial resuscitation (ie, no ROSC). These outcomes were evaluated as surrogate measures of treatment intensity.
For each analysis, the null hypothesis was evaluated at a 2-sided significance level of .05 and 95% confidence intervals (CIs) were calculated. Given the sample size of 10 011 patients, of whom 19% were black and 35% survived to hospital discharge, this study had 90% power to detect, at a 2-sided significance level of .05, a minimum crude RR difference between black and white patients of 0.91. All statistical analyses were performed with SAS version 9.1 (SAS Institute Inc, Cary, North Carolina) and R version 2.7.0. 15 The institutional review board of Saint Luke's Mid America Heart Institute approved this study and waived the requirement for informed consent.
RESULTS
Sample Characteristics
The cohort included 10 011 patients from 274 hospitals who underwent defibrillation for a cardiac arrest. The 1) . White cardiac arrest patients were older, were more likely to be male, were more likely to be admitted with a cardiac admitting diagnosis (especially congestive heart failure or myocardial infarction), and were more likely to be admitted at a nonacademic hospital. Black patients were more likely to have ventricular fibrillation as their initial presenting arrest rhythm, were sicker at the time of cardiac arrest (higher rates of renal insufficiency, diabetes mellitus, baseline central nervous system depression, acute stroke, pneu- monia, sepsis, major trauma, and requirement for hemodialysis), and were more likely to be admitted to a hospital unit not monitored, to a hospital with greater than 500 beds, and in the southeastern United States.
Survival to Discharge
Black patients had lower overall rates of survival to discharge compared with white patients (25 To examine the association between hospital site and racial differences, hospitals were stratified into quintiles by their proportion of black cardiac arrest patients. Most black cardiac arrest patients were concentrated in hospitals with the lowest overall rates of survival to discharge (TABLE 4). We also examined racial differences in survival to discharge over time and in favorable neurological outcomes. Notably, racial differences did not decrease over time during the 8 years of this study (P=.65 for trend). However, there were racial differences in favorable neurological outcomes among patients surviving to discharge (Table 2) , which were partly attenuated after adjusting for patient and hospital factors (Table 3) .
Acute Resuscitation Outcomes
Rates of delayed defibrillation were higher for black patients (22.0%) than for white patients (17.4%). In contrast, among patients who did not survive the initial resuscitation, the number of attempted defibrillations and the median resuscitation duration did not differ by race ( Table 2) . Rates of ROSC were lower among black patients (55.8% vs 67.4% for whites). These differences were attenuated after adjusting for patient factors (adjusted RR, 0.88 [95% CI, 0.84-0.92]; Table 3 ). Adjustment for the hospital to which the patient was admitted led to a further attenuation of racial differences in rates of ROSC (adjusted RR, 0.92; 95% CI, 0.88-0.96), while additional adjustment for hospital process variables did not further diminish racial differences.
Postresuscitation Survival
Among the 6529 patients who survived the initial resuscitation, black patients had lower rates of survival to hospital discharge (45.2% vs 55.5% for whites; unadjusted RR, 0.85 [95% CI, 0.79-0.91]). The racial difference in postresuscitation survival was eliminated after multivariable adjustment (adjusted RR, 0.99 [95% CI, 0.92-1.06]), and was largely explained by the hospital site at which patients received postresuscitation care (Table 3) .
COMMENT
In this large, multisite registry of inhospital cardiac arrests, black patients had a 27% lower RR and a 12% lower absolute rate of survival to hospital discharge than white patients. These unadjusted survival differences by race were, in large part, attributable to black patients being more likely to receive treatment at hospitals with worse outcomes. In addition, we found that survival differences by race were associated with disparities in care during both the acute resuscitation phase and after resuscitation. Collectively, these findings suggest that strategies to eliminate racial disparities in survival after inhospital cardiac arrest are not likely to succeed unless they are accompanied by successful identification and implementation of interventions that improve resuscitation survival in those poorly performing hospitals in which black patients are more likely to receive care.
While prior studies have demonstrated racial differences in use and treatment outcomes for a variety of nonemergency procedures and conditions, [16] [17] [18] [19] [20] the source of these differences have been rarely identified. Although underuse of services in blacks may account for racial differences in these studies, overuse in whites and patient preferences also have been postulated to account for these differences, particularly in areas in which clinical appropriateness is unclear. [21] [22] [23] These issues are less relevant for patients with cardiac arrest who are eli- gible for resuscitation, leading our findings to raise particularly unique concerns. Additionally, we describe the role of the hospital providing resuscitation care in explaining these differences and identified differences in both the acute resuscitation phase-which is not likely to be due to overuse of treatment or patient preferences during an emergency response-and during postresuscitation care.
For the acute resuscitation phase, although black race has previously been shown to be a predictor of delays in defibrillation response time, 1 we did not find that additional within-hospital adjustment for defibrillation response time attenuated racial differences in ROSC after adjusting for the hospital to which a patient was admitted. This suggests that black patients were more likely to have cardiac arrests in hospitals with higher rates of delays in defibrillation time. Importantly, there was no evidence of significant racial differences in available measures of resuscitation aggressiveness, such as the number of attempted defibrillations and total treatment time, to suggest a source of clinician bias during the acute resuscitation phase.
There were also large observed differences by race in postresuscitation survival. The hospital center effect accounted for 65% of the explained variation (60% of 93%), with no meaningful residual racial differences after adjustment. Unlike the outcome of ROSC, for which patient preferences and appropriateness of care are not likely to influence treatment decisions during an emergency resuscitation, postresuscitation survival may be affected by these factors.
However, racial differences in postresuscitation survival are not likely to be explained by higher rates of newly initiated DNR status in black patients in the postcardiac arrest setting because prior studies have found that hospitalized black patients are actually less likely to choose DNR status than nonwhite patients 24, 25 and are more likely to continue terminal end-of-life care in the ICU. 26 Yet, significant hospital variation in mortality exists for ICU patients. [27] [28] [29] Therefore, whether lower rates of postresuscitation survival in blacks are due to lower quality ICU expertise, less aggressive use of postresuscitation therapies (eg, hypothermia, cardiac catheterization), 30 or other characteristics of the hospital to which they are more likely to be admitted, requires further study.
Nonetheless, there remained a substantial and unexplained lower rate of survival to hospital discharge among black patients. These residual differences were associated with unexplained racial differences in rates of ROSC because residual differences in postresuscitation survival were minimal. Because previously established mediators of ROSC, including defibrillation time, 1 did not account for residual racial differences, further research is needed to determine which other factors may be responsible, such as unmeasured hospital resuscitation process variables (time to subsequent defibrillations, quality of chest compressions and ventilation, and number and timing of resuscitation medications), physiological responses to cardiac arrest that differ by race, or clinician and/or institutional bias. In addition, although our use of hierarchical models accounted for between-hospital differences in rates of DNR status on admission, potential within-hospital differences by race may exist, 31 which could yield a sicker, older black population for each hospital in our analyses.
There are several issues to consider in interpreting the results of our findings. While we found that the hospital effect for racial differences for in-hospital cardiac arrests was explained by a greater proportion of black patients receiving care at hospitals with lower rates of survival, this observation may not apply to other health conditions and warrants further study. Because race was abstracted from medical records, there is the potential for misclassification bias, which would likely have been nondifferential and underestimated observed racial differences. The NRCPR does not collect data on a hospital's postresuscitation resources, such as ICU staffing and expertise. However, our use of hierarchical models controlled for between-hospital effects.
We also did not have data on other resuscitation measures (eg, time to successive shocks and resuscitation medications) and the use of many potential postresuscitation care interventions (eg, hypothermia). Furthermore, we did not assess for clinician bias, which may account for racial differences in treatment, and we were unable to determine whether DNR status varied by race because the NRCPR does not enroll patients with DNR status. Finally, our study population was enrolled from US hospitals that participated in a qualityimprovement resuscitation registry and represents about 15% of large hospitals in the United States; therefore, our study findings may not represent cardiac arrest outcomes by race in non-NRCPR hospitals.
In conclusion, we found large racial differences in survival after in-hospital cardiac arrest, with a substantial portion of this racial disparity associated with lower resuscitation and postresuscitation survival in hospitals with high concentrations of black cardiac arrest patients. Strategies to eliminate racial disparities in survival are not likely to succeed unless they improve resuscitation survival and the quality of postresuscitation care in hospitals that are poor performers and in which black patients are more likely to receive care. Author Contributions: Dr Chan had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. Study concept and design: Chan, Nallamothu.
